landscape structure and land-use intensity. A possible mechanism explaining why landscape structure moderates the eff ectiveness of conservation measures on biodiversity (Tscharntke et al. 2005 , Concepcion et al. 2012 could be that it is more diffi cult to improve habitat conditions in structurally complex landscapes than in structurally simple landscapes. In complex landscapes, the abundance of semi-natural habitat could make it more diffi cult to create contrasts in availability of key resources with conservation management on single fi elds. Similarly, the moderating eff ects of land-use intensity (Kleijn and Sutherland 2003) could be explained by it being more diffi cult to create ecological contrasts in intensively than in extensively farmed landscapes. In intensively farmed landscapes, several factors may co-limit population density, making it more diffi cult to improve habitat conditions (Bakker and Berendse 1999) . Th erefore, conservation measures that do not address all limiting factors will not be successful in improving habitat conditions relative to conventional farmland. Th e usefulness of the ecological contrast hypothesis is that it focusses on the ecological mechanisms explaining the response of organisms to conservation management.
A recent meta-analysis (Scheper et al. 2013) confi rmed that the magnitude of the contrast in resource availability created by a conservation measure is indeed related to the Th e unprecedented decline of biodiversity has inspired conservation eff orts on a vast scale around the globe. Many of these large-scale conservation programs aim to halt the decline of biodiversity in agricultural landscapes that is caused by modern food demands and agricultural intensifi cation Sutherland 2003, Riff ell et al. 2008) . Conservation eff orts usually aim to improve habitat quality by enhancing the availability of key resources that limit population growth, such as food, shelter and safe nesting sites. However, only a small proportion of conservation initiatives is guided by insights in the exact resource(s) limiting population growth (Schekkerman et al. 2008) . Moreover, conservation initiatives may diff er substantially in the extent to which they succeed in enhancing limiting resources and this could explain why their eff ectiveness diff ers considerably between locations and species (Kleijn et al. 2001 , Feehan et al. 2005 , Whittingham et al. 2007 , Brittain et al. 2010 .
A recent hypothesis puts forward that the eff ectiveness of conservation is related to the extent in which management succeeds in improving habitat conditions for the targeted species group relative to conventionally managed habitat (Kleijn et al. 2011) . Th is ' ecological contrast ' created by conservation management is probably related to two other key factors that have been hypothesized to moderate the eff ectiveness of conservation management on farmland; Kleijn, Animal Ecology Group, Alterra, Wageningen UR, PO Box 47, Wageningen, the Netherlands. MH and DK also at: Resource Ecology Group, Wageningen Univ., Droevendaalsesteeg 3a, Wageningen, Sovon vogelonderzoek Nederland, PO Box 6521, the Netherlands. In the past decades, large-scale conservation programs have been implemented to halt the decline of farmland species. Th e mechanisms explaining the eff ectiveness of these programs remain poorly understood. Here we test the recent hypothesis that the eff ects of conservation management are determined by the ecological contrasts in limiting resources they create relative to the baseline situation. We examine responses of wintering seed-eating farmland birds to the experimental establishment of winter food plots in areas with contrasting food availability. We found that farmland bird abundance and species richness were strongly positively related to seed availability, regardless of compositional diff erences between agricultural landscapes. In line with the ecological contrast hypothesis, the responses of wintering farmland birds increased with increasing conservation induced contrast in a key limiting resource. Both contrasts and relative responses were negatively related to baseline food availability, but the absolute bird density in food plots was unrelated to baseline food availability. Th is indicates that both relative and absolute eff ects of conservation management need to be considered to properly evaluate the eff ectiveness of conservation management.
eff ectiveness of conservation measures. However, to date no study has experimentally tested the ecological contrast hypothesis under fi eld conditions. Testing this hypothesis is challenging as the key factors that explain conservation success are often interrelated. For example, the availability of limiting resources may be higher in more extensively farmed areas or in areas that contain a large number of semi-natural habitats (Tscharntke et al. 2005 , Kleijn et al. 2011 . Using wintering farmland birds as a model system, we test the ecological-contrast hypothesis experimentally by manipulating a single key resource in a paired study-design, while excluding potentially confounding eff ects.
Seed-eating farmland birds are among the animal groups that suff ered the greatest declines as a result of agricultural intensifi cation (Fuller et al. 1995 , Donald et al. 2001 , Benton et al. 2003 ). One of the major causes of the decline of seed-eating farmland birds is a decrease in over-winter survival as a result of a reduction in winter food availability (Newton 2004 , Gillings et al. 2005 . In fact, food availability in winter is predicted to have a larger eff ect on population size than food availability during the breeding season (Payne and Wilson 1999) . Winter food availability for seedeating farmland birds can easily be enhanced experimentally by sowing a mixture of seed-rich crops ( ' wild-bird-crops ' (Henderson et al. 2004) ) and quantifi ed by measuring the amount of seeds in an area (Robinson and Sutherland 1999) . Furthermore, behavioural responses of wintering birds can easily be measured and linked to food availability (Siriwardena et al. 2008) . Th is makes wintering seed-eating farmland birds an excellent model system for investigating ecological drivers of the eff ects of conservation management.
In this study, we examine the behavioural responses of seed-eating farmland birds to experimentally increased food availability in winter time. We experimentally introduced a known quantity of food in ten paired (control and experimental) areas with contrasting food availability and recorded bird abundance and species richness in each area. We compare the responses of a group of specialist seed-eating farmland birds ( ' farmland birds ' ) with a larger group of birds that are assumed to be less dependent on seeds in farmland in winter ( ' non-farmland birds ' ). We predict greater responses, in terms of abundance and species richness, of the specialist farmland bird group to our treatment. Further, we specifically ask how winter farmland bird abundance and species richness are related to food availability and investigate, for the fi rst time, whether the eff ects of improving food availability depend on the baseline food availability in the landscape. We expect the eff ects of improved food availability to decrease with increasing baseline food availability. Our results unambiguously indicate that the contrast in landscape quality created by conservation management explains the response of wintering farmland birds to conservation management.
Material and methods

Study sites
We selected ten area-pairs of approximately 100 ha of farmland habitat in the south-eastern part of the Netherlands (Supplementary material Appendix 1, Fig. A1 ). Th e two study areas within each area-pair were at least three km apart (mean Ϯ SE: 13.3 Ϯ 3.9 km) and were chosen because of their apparent similarity with respect to cropping patterns, landscape structure and shape. Area-pairs were quantitatively similar in terms of the area of woody landscape elements (paired t-test: t 9 ϭ 1.40, p ϭ 0.196) area size (t 9 ϭ 1.18, p ϭ 0.268) and baseline food availability (see below). In the winters of 2011 -2012 and 2012 -2013 , food availability for farmland birds was experimentally enhanced in one area within each area-pair, leaving the other as a control area. In each treatment area, food availability was enhanced by sowing winter bird seed mixtures on a total area of 3.6 ha in spring 2011 and 2012, respectively, and leaving them in the fi eld until April of the next year. Th e 3.6 ha with bird seed mixtures consisted of three separate 1.2 ha plots (mean distance between plots within areas: mean Ϯ SE ϭ 577 Ϯ 75 m) and each of the 1.2 ha plots consisted of three 0.4 ha subplots sown with one of three mixtures (Supplementary material Appendix 1, Fig. A1 ; Table A1 ). However, for the purpose of this study, food availability was defi ned as total seed availability and diff erences between mixtures or crop species were not considered. Th e ten area-pairs were situated in areas with contrasting existing baseline food availability. High or intermediate baseline food availability was present in areas with pre-existing conservation management targeting farmland birds (one area-pair) or European hamster Cricetus cricetus (three area-pairs). Th e conservation management that was implemented in parts of those areas involved not harvesting crops in order to provide food or cover in winter time (Out et al. 2011) . Th e remaining six area-pairs were located in areas having little or no overwintering food crops or mixtures for farmland birds.
Model system
Th e observed bird species were categorized into two groups, namely (seed-eating) ' farmland birds ' and ' non-farmland birds ' . We used these two groups for our analyses rather than analysing responses of individual species. Th e farmland bird group consisted of bird species chosen a priori that are typical of farmland habitats in the Netherlands and largely depend on seeds as food source in winter: linnet Carduelis cannabina , chaffi nch Fringilla coelebs , greenfi nch Chloris chloris , goldfi nch Carduelis carduelis , corn bunting Emberiza calandra , reed bunting Emberiza schoeniclus , yellowhammer Emberiza citrinella , tree sparrow Passer montanus , skylark Alauda arvensis and grey partridge Perdix perdix . Th e non-farmland bird group consisted of species that are not farmland specialists and/or species that do not have seeds as primary food source in winter, but are encountered regularly in farmland (i.e. more generalist species, Supplementary material Appendix 1, Table A2 ). Species that are not normally encountered in farmland habitat and raptors were not considered in this study.
Sampling food availability
Food availability for farmland birds was estimated in November, January and March in both winters. In each study area, food availability was sampled both in the experimental food plots and in the unmanipulated parts of the 100 ha treatment area. Food availability was also sampled in all control areas.
Food availability in food plots was estimated by sampling seeds in above-ground biomass of the sown mixtures as well as by sampling seeds lying on the ground. In order to determine seed density in experimental plots (in each 0.4 ha subplot) all biomass in two 0.5 ϫ 0.5 m sample plots located in representative subplot parts was harvested, after which the number of seeds per plant species was counted in the lab. In the fi rst winter, seed weight was determined for all seed samples. In the second winter seed weight was determined when at least 15 seeds bigger than 1 mm or at least 40 seeds smaller than 1 mm were present. For smaller samples average seed weight of all samples were used. Th e summed estimated number of seeds and seed weight for each species were then used to estimate the above-ground food availability as g seed m Ϫ 2 per subplot and the average food availability in the 18 sample plots per experimental area was used to calculate the total above-ground food availability in food plots (kg seeds 3.6 ha Ϫ 1 ) per sampling round in each experimental area. Although higher sampling intensity would have reduced noise in our estimates of seed availability in the food plots, sampling more than two plots was not possible with the available resources. However, we have no indication that estimating seed availability based on two sample plots (in each 0.4 ha subplot) creates any bias in our estimates of seed availability or would aff ect the conclusions of our study. If anything, noise in seed availability estimates would make the statistical analyses more conservative.
Th e density of seeds lying on the ground was determined by carefully removing a thin layer of soil in a 0.15 ϫ 0.15 m sample plot located in each above-ground sample plot. In the lab, soil samples were dried and sieved fi rst over a sieve with a mesh size of 1 mm and subsequently over one with a mesh size of 0.8 mm. Birds generally eat seeds larger than 0.5 mm (Robinson and Sutherland 1999) but our samples contained very few seeds in the range of 0.5 -0.8 mm. After sieving, the number of large-sized ( Ͼ 1 mm) and small-sized (0.8 -1 mm) seeds were counted and seed weight was determined for a representative selection of 10 samples per size fraction. Using these average weights and the estimated number of seeds per sample we subsequently estimated ground-level food availability in food plots (kg seeds 3.6 ha Ϫ 1 ) using the same approach as for the above-ground seed samples.
Baseline food availability in all study areas was estimated by sampling above-ground and ground-level seed density in the dominant land-use types of the unmanipulated parts of the treatment and the control areas (Supplementary material Appendix 1, Table A3 ). Seed density was estimated using the same protocols as in the food plots. Samples were randomly taken from fi elds with diff erent land-use types in diff erent treatment and control areas and in diff erent years and sample periods. We used a single estimate of the average seed density of all samples per land-use type as our proxy for food availability per land-use type (Supplementary material Appendix 1, Table A3 ). Samples were slightly biased towards the November period and the 2011 -2012 winter, but for the comparative purposes of our study this does not pose a problem as food availability in all study areas is calculated using the same estimate for each land-use type. Cover of the diff erent land-use types in each area and winter period was mapped and quantifi ed using ArcGIS (ESRI, Redlands CA, USA). Baseline food availability per study area and winter period was calculated by multiplying the cover of each land-use type with average seed density and subsequently summing up the total seed availability in all land-use types in each area. Finally, we corrected for diff erences in size of study areas to obtain standardised baseline food availability estimates expressed in kg seeds 100 ha -1 . Baseline food availability in control and treatment areas was similar within each area-pair ( Fig. 1 ; 2012: t 9 ϭ Ϫ 1.38, p ϭ 0.200; 2013: t 9 ϭ Ϫ 1.44, p ϭ 0.183). Total food availability was much higher in treatment areas than in control areas (2012: t 9 ϭ Ϫ 7.10, p Ͻ 0.001; 2013: t 9 ϭ Ϫ 4.560, p ϭ 0.001).
Bird surveys
Birds were surveyed during the same periods as the soil sampling: in November, January and March of both winters. A single survey was carried out by two or three people walking a standard route covering the whole study area. All fi elds and experimental plots were crossed to fl ush birds present in the vegetation (Robinson and Sutherland 1999) . Surveys were carried out between 9:00 and 16:00 h and took between two and four hours. All birds observed in each (ca 100 ha) area were identifi ed to species level and marked on a detailed geographic map. In addition, in the treatment areas it was noted which birds were observed inside or within 10 m from an experimental plot. Th e buff er of 10 m around an experimental plot was established as birds tend to take cover in nearby shrubs or trees upon approach of the observer.
Statistical analysis
Bird abundance, species richness and food availability were averaged over the three sampling periods in order to obtain one average value for each area in both winters. We fi rst investigated bird abundance and species richness at the area level in relation to total food availability. Total food availability was the weight of all seeds (both on the ground and in the vegetation) in an area, expressed as kg seeds per 100 ha. In control areas, total food availability equalled baseline food availability, whereas in treatment areas this was calculated as the sum of food availability outside the food plots and food availability in the food plots. Food availability was log10 transformed prior to analyses to improve normality. Total food availability, year, area size, and the area of woody landscape elements (e.g. hedges, woodlots, orchards known to be used by birds for shelter or as perches or roosts) were included as predictors and area-pair identity was included as a random eff ect in a GLMM (generalized linear mixed model) with negative binomial (abundance) or poisson (species richness) error structure and a log link function. A negative binomial error structure was used to correct for the overdispersion that was present in the abundance data. In the analyses, abundance and species richness were rounded to the nearest integer to meet the assumptions of negative binomial and poisson regressions. Second, we investigated whether the eff ect of experimentally enhancing food availability on bird abundance and species richness was dependent on baseline food availability. Experiment (a binary factor), baseline food availability (kg seeds 100 ha -1 , excluding the experimental plots in the treatment areas), year, area size and area of woody landscape features were included as predictors in a GLMM with negative binomial (abundance) or poisson (species richness) error structure and a log link function (see above). In addition, the interaction between experiment and baseline food availability was included in the model. A signifi cant interaction with a negative sign would indicate that the eff ect of enhancing food availability declines with baseline food availability and would therefore support the ecological contrast hypothesis. Area-pair identity was included a random eff ect to account for the paired design of our study. When we repeated the analyses using food availability in the food plots as a continuous predictor instead of experiment as a binary factor we obtained similar results (not shown).
Th ird, to obtain more insights into the mechanisms explaining the observed responses we restricted the analyses to the experimental areas and investigated how the density of farmland and non-farmland birds (number of individuals per ha) diff ered between the food plots and the surrounding area using paired t-tests. Using Spearman rank correlations we also investigated whether the proportion of farmland birds in food plots (number in food plots/(number in food plots ϩ number in unmanipulated area)) was related to baseline food availability. A decrease of this proportion with increasing baseline food availability would suggest that the
Experimental contrasts in food availability
Overall, the abundance and species richness of seed-eating farmland birds was higher in treatment areas than in control areas in both years of the study (Table 1, Fig. 2 ). Although the abundance and species richness increased with baseline food availability (Table 1, Fig. 2c, d) , the eff ect of the experimental increase in food availability on wintering farmland bird abundance was greatest in areas with low baseline food availability and declined with increasing food availability (interaction experiment ϫ food availability in Table 1 , Fig.  2c) . A similar pattern was found for farmland bird species richness, although this was not signifi cant (Table 1, Fig. 2d) . Th e additive eff ect of the experiment on abundance and species richness disappeared when the baseline food availability approached 180 -230 kg seeds ha Ϫ 1 (Fig. 2c, d ).
Abundance and species richness of non-farmland birds was not higher in treatment areas than in control areas and there was no evidence for an interaction between experiment and baseline food availability (Table 1) .
To formally test whether the contrast in food availability explained the diff erence in abundance and species richness of farmland birds between treatment and control areas, we calculated the relative contrast in food availability for each area pair (in % change relative to the control area) in both years and related this to the relative contrast in abundance and species richness. We found that this relationship was positive in all cases (Supplementary material Appendix 1, Fig. A2 
Density of farmland birds inside and outside food plots
Th e density of farmland birds within food plots was much higher than the density of farmland birds in the unmanipurelative eff ect of supplementing food depends on the contrast in food availability, and thus the contrast in landscape quality. As these statistical tests do not allow the inclusion of additional factors, we analysed the data for both winters separately.
Finally, we used general linear models with a Gaussian error structure and an identity link function to investigate whether the food availability and abundance inside and outside food plots explained the density of birds. Th e absence of a relationship between farmland bird density in food plots and baseline food availability would suggest that the absolute eff ect of conservation management is the same in all landscapes.
We performed the analyses using R (ver. 3.0.2). Th e GLMMs were performed with the package glmmADMB (ver. 0.7.7; Fournier et al. 2012) . Final models included all fi xed eff ects (irrespective of their signifi cance) and significant interaction terms. Models containing only signifi cant predictors gave similar results.
Results
Abundance and species richness in relation to total food availability First, while controlling for the eff ects of year, area size and area of woody landscape elements; see also Table 1), we tested for an association between the total food availability in an area, regardless of whether food was introduced. Abundance of farmland birds showed a strong increase with total food availability ( Fig. 2a ; β Ϯ SE ϭ 3.01 Ϯ 0.47, z ϭ 6.41, p Ͻ 0.001). Th e same result was obtained for farmland bird species richness ( Fig. 2b ; β Ϯ SE ϭ 0.72 Ϯ 0.20, z ϭ 3.63, p Ͻ 0.001). Abundance of non-farmland birds was also positively associated with the total food availability in an area ( β Ϯ SE ϭ 0.96 Ϯ 0.24, z ϭ 3.87, p Ͻ 0.001), whereas species richness of non-farmland birds was not (area ( β Ϯ SE ϭ 0.19 Ϯ 0.12, z ϭ 1.53, p ϭ 0.13)). Table 1 . The abundance of farmland birds and non-farmland birds in relation to an experimental increase in food availability ( ' Experiment ' ). A signifi cant interaction between the experimental increase in food availability and baseline food availability means that the effect of enhanced food availability declines with increasing baseline food availability. Signifi cant variables are in bold. lated surrounding area in both years (Fig. 3; : t 9 ϭ 8.66, p Ͻ 0.001; 2012 -2013: t 9 ϭ 9.33, p Ͻ 0.001). Th e density of farmland birds within food plots was also much higher than the density of non-farmland birds within the same area ( Fig. 3 ; 2011 -2012: t 9 ϭ 6.02, p Ͻ 0.001; 2012 -2013: t 9 ϭ 4.20, p ϭ 0.002). Densities of birds (farmland birds and other birds) were similar in unmanipulated areas within treatment areas and control areas ( Fig. 3 ; farmland birds 2011 -2012: t 9 ϭ 1.78, p ϭ 0.109; farmland birds 2012 -2013, t 9 ϭ 1.22, p ϭ 0.253; non-farmland birds 2011 -2012: t 9 ϭ 1.30, p ϭ 0.226; non-farmland birds 2012 -2013, t 9 ϭ 1.04, p ϭ 0.326).
Within treatment areas, the proportion of all farmland birds that were present in the experimental plots decreased strongly with baseline food availability in both years ( Fig. 4 ; 2011 -2012: r s ϭ -0.75, p ϭ 0.018; 2012 -2013, r s ϭ -0.72, p ϭ 0.024), indicating that in areas with low baseline food availability a larger proportion of the farmland birds used the experimental plots than in areas with higher baseline food availability. Within treatment areas, the density of farmland birds in the food plots was not significantly related to food availability in food plots or baseline food availability (Table 2, Fig. 4) . Th e density of farmland birds in unmanipulated areas increased with baseline food availability in both years, but was independent of food availability in food plots (Table 2) . Th e density of non-farmland birds was independent of food availability within or outside the experimental areas (Table 2 ).
Discussion
We show that the behavioural responses of wintering farmland birds to conservation management are related to the contrast created in the availability of a key resource (seeds), which provides support for the ecological contrast hypothesis. We show that this is the result of the behavioural response of farmland birds to food supplementation becoming relatively smaller with increasing baseline food availability. Relative increases are large in landscapes with low baseline food availability and bird densities and small or even absent in landscapes with high baseline food availability and bird densities (Fig. 2c, d ). In contrast, the absolute behavioural responses to food supplementation (i.e. the density of farmland birds in the food plots) were independent of landscape quality.
We found strong and positive relationships between abundance and species richness of seed-eating specialist farmland birds and (enhanced) seed availability in both years of the study (see also (Robinson and Sutherland 1999, Moorcroft et al. 2002) for similar patterns), irrespective of diff erences between areas in other characteristics such as cover of particular land-use types (e.g. cereal stubbles (Gillings et al. 2005 )) or landscape heterogeneity or complexity (Benton et al. 2003 , Tscharntke et al. 2005 . Such relationships were much weaker or absent in the group of non-specialist ( ' nonfarmland ' ) birds. Th ese results indicate that abundance of seed-eating farmland birds in winter time is primarily determined by food availability and that the responses observed in our study are primarily responses to changes in availability of food resources, rather than responses to factors that are correlated with seed availability. However, it should be noted that our results are the responses of a cluster of farmland birds and responses of individual species might be diff erent, for example because of diff erences in species-specifi c ecological requirements or food preferences.
As farmland birds do not defend territories in winter and move to areas where food resources are suffi cient, the responses of farmland birds to conservation management Table 2 . The density of farmland and non-farmland birds in food plots and unmanipulated areas within treatment areas in relation to food availability inside and outside (baseline food availability) food plots. Density of birds was in log10 birds ha -1 and food availability in kg seed ha -1 . Signifi cant variables are in bold. All estimates are multiplied by 1000. observed in this study can be entirely attributed to behavioural responses. Th e behavioural responses observed in our study are nevertheless similar to responses observed between species richness and landscape complexity (Holzschuh et al. 2007 , Batary et al. 2011 , Concepcion et al. 2012 . Th is suggests that at least part of the generally observed moderating response of landscape structure on farmland biodiversity (Tscharntke et al. 2005 ) is driven by behavioural responses to conservation-induced contrasts in resource availability between fi elds with agri-environment schemes and the surrounding landscape. Th is highlights the importance of studies examining the population-dynamical consequences of conservation measures as only such studies can distinguish between behavioural responses and increases in local population size (Kleijn et al. 2011 ). Experimentally increasing food availability when baseline food availability was higher than ca 200 kg ha -1 ( Fig. 2c, d ; intersection point of lines) did not result in further increases in farmland bird numbers, indicating that above this threshold food availability no longer limits local wintering farmland bird density. Th is may also explain why we did not observe a relationship between seed availability and farmland birds in the experimental plots, because here seed availability was always greater than this intersection point (average ϭ 793 kg ha -1 , range ϭ 302 -1328 kg ha -1 ). When food availability no longer limits the population size of wintering farmland birds, other factors may start to regulate the densities of farmland birds, such as interference competition or predators being attracted to large fl ocks (Lindstrom 1989 , Siriwardena et al. 2008 . Th e density of farmland birds in the unmanipulated part of the treatment areas was much lower than in the food plots, but similar to the paired control areas. Th is pattern shows that the higher abundance of farmland birds in the ca 100 ha treatment areas is primarily explained by farmland birds using the 3.6 ha treatment plots in addition to the resources available in the unmanipulated part of the landscape. Th is could indicate that conservation initiatives that enhance key resources are most eff ective, in terms of behavioural responses, in areas where these resources are most severely depleted. However, to conclusively show eff ects of conservation management on demographic responses detailed information on survival and/or reproduction is required. Th e interacting eff ect between conservation management and baseline food availability was not signifi cant for species richness. We can only speculate about why this may be the case. One possibility is that high levels of species richness may require particularly high landscape level food availability or high seed diversity. Th is may especially be the case for rarer species such as the corn bunting and linnet in our study, which were primarily recorded in the areas with greatest food availability (unpubl.), which may also be the areas with greatest seed diversity and thus most feeding niches.
Th e proportion of the total number of farmland birds in treatment areas that was observed in food plots decreased sharply with increasing baseline food availability, but the bird densities in food plots were similar across the entire range of food availability (Fig. 4) . In other words, the number of birds that are supported by conservation management per ha or per euro is the same in resource-poor and resource-rich landscapes. However, in resource-rich, high-quality landscapes population density in control sites is already high, and the diff erence in population density with sites with conservation management will be low. Th is highlights the need to distinguish between relative eff ects (species richness or abundance on conservation sites relative to conventionally managed sites) and absolute eff ects (species richness or abundance per area or euro conservation budget) of conservation eff orts. Absolute eff ects are rarely considered (but see Batary et al. 2010) but are probably more relevant than relative eff ects in terms of ecological impacts on the target species and in terms of value for money. While the fi rst is easy to measure and compare between studies, for example in meta-analyses, it only gives information on whether there are signifi cant (behavioural or demographic) responses to conservation management. Insight in the absolute response is necessary to assess how the conserved populations or species communities relate to desired reference communities. Although estimates of absolute species richness or abundance are more difficult to compare between studies due to diff erences in used methodologies and observers, more and more standardized survey methods are becoming available allowing us to do this, especially for easily recognizable, sedentary species such as breeding birds or vascular plants (Archaux et al. 2007 , Jiguet et al. 2012 .
Studies in the UK have linked higher winter food availability to higher overwinter survival and an overall increase of the breeding population (Gillings et al. 2005 , Siriwardena et al. 2007 , Baker et al. 2012 . Whether responses as observed in this study are also refl ected in population densities of breeding birds will ultimately depend on whether winter food availability is the main limiting resource or whether other resources co-limit the population size of the local breeding birds. For example, absence of a response in the breeding bird population would suggest that factors that are primarily important in the breeding season (e.g. nest site availability, insect availability) constrain population growth of the target species. Th is illustrates a strength of the ecological contrast approach; it urges us to think about the mechanisms and key factors that limit population size and growth of target species and may therefore result in better informed recommendations for conservation management.
